Spin polarized helium and (atomic) hydrogen are systems which exhibit a number of unusual and interesting properties at low temperatures [1] . This is true even for dilute polarized gases for which, although degeneracy effects-are negligible, the transport properties can be strongly modified by nuclear polarization [2] . Similar phenomena have been predicted by E. Bashkin and A. Meyerovich for solutions of JHe in superfluid 4He, in the low temperature regime were they are degenerate [3, 4] , and have also been studied by W. Mullin and K. Miyake [5] .
Perhaps one of the most striking effects produced by the spin polarization is the existence of spin waves [6, 7] . For a dilute gas of unpolarized atoms the only propagating mode corresponds to sound waves, since heat conduction, viscosity and spin diffusion give rise to purely damped modes. On the other hand, for a polarized gas of identical atoms, the evolution of the spins becomes oscillatory and can be understood in terms of (damped) spin waves. This phenomenon is a pure consequence of particle indistinguishability and arises from the so called « identical spin rotation effect » during collisions [7] . Another difference between sound and spin waves is that the former do not depend crucially on collisions and are obtained in the zero order approximation of hydrodynamics (Euler equations), while the latter appear to first order (Navier-Stokes equations). [12] ). These predictions have been confirmed in experiments with liquid 3He at very low temperatures (7" ~ 10 mK) and used to measure the Fermi liquid interaction parameter A for pure 3He and 3He-4He mixtures [13] . For spin-polarized dilute gases the situation is rather different, and no phenomenological parameter has to be introduced in the theory [7, 14] , so that all transport properties (heat conduction, viscosity, spin waves) can be calculated ab initio from the interatomic potential (1) . This has been done recently by C. Lhuillier for HT. DT and 'HeT [15] , and the theoretical prediction is that spin waves will strongly modify the properties of spin diffusion of these gases even at relatively high temperatures, of the order of 1 K or more. For this discussion, it is convenient to introduce the (relative) nuclear polarization M of the gas (-1 M 1), and a dimensionless coefficient p which is the ratio between « identical spin rotation cross sections » and the cross section for collisions between distinguishable particles [7] . The product 11M gives the relative importance of the particle indistinguishability effects in spin diffusion; for example, for a cell where the lowest diffusion mode has a diffusion time 1"D, the frequency of the transverse spin wave is given (in the Larmor rotating frame) by (2) :
In other words, ~uM is a spin oscillation « quality factor », independent of the gas density n (whereas 6co itself is inversely proportional to n). Measuring the properties of spin waves in spin polarized gases, and in particular their coefficient J.1, is therefore interesting for two reasons : observing for the first time a new mode in a dilute gas and, by comparison with numerical calculations [15] , obtaining information on the interatomic potentials which is completely independent of the data from other methods, in an energy range where there are relatively few experimental data.
Several experiments of this type are in progress, one with doubly spin polarized hydrogen [17] , the other with low concentration solutions of 3He in 4He which can be seen as non-degenerate gases (but the experiment also includes data in the degenerate regime) [18] . Their results will be published shortly [18, 19] .
Here we report on experiments with gaseous 'HeT, nuclearly polarized by optical pumping, as well as preliminary measurements of the coefficient ~ as a function of temperature. The waves were excited by applying a gradient of magnetic field over the sample but, unlike the experiments previously done on liquid 3He [13] , no spin echo technique was used. Instead of creating strong gradients of magnetization over the sample, we have studied a situation where the atoms explore all the volume available inside the container before being significantly affected by the applied magnetic gradient (motional averaging condition [20, 21] ); clearly, this is possible only if the walls of the gas container have only a very weak relaxation effect. In this kind of situation, the effects of spin waves can be simply and completely described [22] in terms of the longitudinal (1) For the same reason, these properties can be exactly calculated for any value of the spin polarization M, unlike in a liquid where an expansion for small M values is necessary.
(2) We assume here that ~cM 1, so that the blocking of the transverse diffusion, which is second order in J1M, is negligible (in the notation of reference [22] , Tp ~ tD). [25, 26] .
As shown in figure 1 , the measurement bulb is inside a small isolated inner cryostat (i. with 40 turns each; we shall discuss later why it was found useful to add in series with the detection coils another inductance not coupled to the spins. The N.M.R. frequency was ~ 12 kHz, which corresponds to a (vertical) magnetic field of about 4 G. The stability of this field was greatly improved (to about 10-' G) by using a vertical superconducting cylinder to trap a fixed flux. This cylinder (length : 22 cm ; diameter : 9.2 cm) was made of brass, and its internal wall was covered by a thin layer ( ~ 1 mm) of lead. The shielding factor obtained in this way was ~ 104, in good agreement with theoretical predictions [16] . The field gradient was of the order of 2 mG/cm, depending on how the superconducting cylinder was cooled in the 4 G vertical field produced by 3 horizontal coils (diameter 1 m). By adjusting the currents in 3 sets of compensation coils creating pure gradient of the longitudinal field at the cell, it was possible to reduce the initial gradients by a factor up to 10.
Measurements.
The quantities measured in our experiments were the precession frequency and the transverse relaxation time T2 of a small transverse component of the nuclear polarization at various positive and negative values of the longitudinal polarization M. Reversals of M were accomplished by n N.M.R. pulses, and n/20 pulses were used to sample M in an almost non-destructive way. The amplitudes of responses to n/20 pulses were converted to polarization measurements by calibrating the detection system with the signal from a small circular coil. Due to the relatively high signal-to-noise, the limit of accuracy of the measurement of M was set by the 5-10 % calibration uncertainty. A consequence of the high magnetization was that, if no special care was taken, a Zeeman maser oscillation [27] started even when the pick-up coils had a low Q factor, Q ~ 5 for example. Even below maser threshold, the radiation reaction of the pick-up coils could easily produce frequency shifts 10 times larger than Oc~. The solution of this problem was found in a strong reduction of the filling factor of the circuit. This was obtained by reducing to 40 the number of turns of the pick-up coils and adding in series with them another inductance (a pair of coils with 300 turns each) not coupled to the spins. A simple reduction of the number of turns with no additional inductance would not be effective : a high value for the tuning capacitance C would become necessary to match a low inductance coil, resulting in increased electrical currents in the coils and larger reaction on the spins. Experimentally, it is possible to check that the radiation damping due to the pick-up coils is indeed weak : this is obtained when the measured values of T2 are independent of M (in particular of its sign). The Q factor of the whole circuit was 20 and the amplitude of the spin signal across the capacitor about 1 ~V.
With the particular geometry of our cell the time constant for build up of nuclear polarization at 4.2 K in the lower cell was of the order of 20 min. This time was effectively limited by a 1 mm i.d. by 5 cm long capillary tube shrunk to 0.3 mm i.d. over one cm of its length just above the lower cell. Although the capillary increased somewhat the time required to pump up M in the lower cell it also increased the lower cell confinement time and strongly reduced spurious frequency shifts due to spin diffusion within 1he connecting tube.
After a sufficient (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) figure 3 , as compared to C. Lhuillier's calculations (full line) [15] . The agreement within present accuracy is satisfactory and clearly confirms the predicted spin wave behaviour. We think that the precision of the measurements could be improved in the future and the temperature range extended.
Conclusion.
These experiments show that spin rotation effects can be detected in gaseous ground state 3Hej.
In our experiments, the spin waves are more strongly damped than in liquid systems [18, 28] , or spin polarized hydrogen [17] , simply because the product J1M is larger for those systems. This is why, in our case, only one wave (corresponding to the lowest diffusion mode) has been observed, and not the rich mode structure seen in references [19] and [28] . It is interesting to note that recent experiments [29] on degenerate solutions of 3He in -superfluid 4He between 0.3 and 25 mK seem to indicate that the isolation of a higher mode is also possible. Finally, we remark that, for heat conduction and viscosity, the effects of a spin polarization are more pronounced in 'HeT than HT, because 3He is a fermion system. We are therefore planning experiments to investigate other transport properties of spin polarized 3He. Another interesting extension would be to perform experiments below 2 K, where an appreciable fraction of a 3He monolayer can be formed, and study transport properties in two dimensional systems [30] . [15] . The points are the results of this experiment.
